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Abstract 
Using a combat simulation game on a Macintosh microcomputer, 
seven male subjects were tested under binocular, dominant eye and 
non-dominant eye viewing conditions. Total points scored and number of 
shots fired were recorded at the completion of each game. A subjective 
rating of game difficulty was also acquired at the end of each three game 
set. No significant differences in game performance were found for 
binocular, dominant eye and non-dominant eye viewing conditions for 
either total score or shot efficiency. However, subjective rating of game 
difficulty was significantly different with all subjects finding the 
monocular conditions more difficult than the binocular condition. The 
subjects' ratings of game difficulty did not correlate with their game 
scores or shot efficiencys. 
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Introduction 
The purpose of this study was to investigate the effect that 
binocular versus monocular viewing have on the score of a simulated 
3-dimensional combat simulation game played on a computer screen. The 
study intended to show the benefit of binocular vision over monocular 
vision even in a 2-dimensional environment. The idea for this study came 
from prior work in which binocular discrimination performance was 
compared to moncular performance as measured by the P-300 event 
related potential. In a study conducted by Dirks 1 it was found that there 
was a slowing of the cognitive processing, as demonstrated by an increase 
in P-300 latency, when binocular vision was stressed. The stress in this 
study was created by using a maximum amount of base-in or base-out 
prism that would still allow fusion and clear vision (20/20 acuity) at 50 
em. The subject's task was to discriminate female from male names. 
When a female name was presented, the subject had to press a button as 
quickly as possible and increment a mental count of the number of female 
names presented. None of the names contained disparity cues that 
required binocular vision for discrimination, but, when they were viewed 




In a study performed by Sheedy et al.2 various tasks were 
performed by subjects using both binocular and monocular vision. It was 
found that most tasks, especially those involving depth cues, were 
performed more efficiently when the subject was binocular rather than 
monocular. The tasks performed that were most relevant to our study 
were those involving reading and letter counting on a VDT screen. The 
reading task showed that binocular reading was performed more 
efficiently than monocular reading. There was no difference in the 
performance of subjects with the letter counting task on the VDT. 
A study performed by Kenyon3 found that a tracking task 
(pursuits) was performed more efficiently, as measured by the RMS error, 
when subjects were binocular and interpupillary distances were increased 
as compared to monocular tracking. Lotens and Walraven4 found that 
scores for detecting camouflaged ground targets from color slides were 
higher through the use of binocular vision . This improvement in detection 
scores was maintained even at reduced light levels indicating that 
binocular vision is also advantageous in lower levels of illumination. 
These studies lead to our hypothesis which was that subjects 
playing a simulated 3-dimensional combat simulation game with no 





Seven male volunteers participated in this study. The mean age of 
the subjects was 25.6 years. All subjects were tested to confirm that 
each had 20/20 vision at near (OD/OS/OU) and 40 arc seconds of 
stereoacuity using a Randot E. Eye dominance was determine by using a 
hole card. Subjects were not evaluated as to their quality or skill at 
performing pursuits, saccades, hand/eye coordination or visual fields. 
All subjects completed .an appropriate informed consent form and 
were properly monitored during the experiment to prevent injury while 
under monocular conditions. 
Combat Simulation Game 
The game used to access visual performance was a tank combat 
simulation called Mac Attack, a 3-D Battle Field Simulation Game. The 
game was played on a Macintosh SE microcomputer equipped with a mouse 
and key board. All subjects were instructed on the proper operation of the 
game and the various means to score points. The game simulates a tank in 
which the subject is the commander. The subject is able to shoot at and 
destroy other tanks, aircraft and missiles using his cannon. A movable 
gunsight indicates the subject's direction of aim and point of impact. 
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The visual and motor skills deemed necessary to play this game 
efficiently were accurate saccades, accurate smooth pursuits, peripheral 
awareness of new targets, efficient scanning techniques and accurate 
hand/eye coordination. 
Data Collection 
The data compiled on each subject included the total score as well 
as the scores and numbers of tanks, aircraft, and missles destroyed. The 
point value of the aircraft and missles remains constant, while the point 
value of a destroyed tank varys according to how far away the tank was 
when destroyed (increase in distance equals more points). The total 
number of shots fired during the game was also recorded. The shot 
efficiency level for each game was calculated by dividing the sum of 
tanks, aircraft, and missiles destroyed by the total number of shots fired. 
The difficulty rating of each game was obtained from each subject. The 
scale used for this rating ranged from 1 to 7 with 1 equated to little 
difficulty and 7 equated to a very difficult task. 
Protocol 
All subjects were given a copy of the game and instructed to 
practiced it until they were able to obtain an average score of at least 500 
points. Once the subject had demonstrated this level of proficiency, 
testing began. At this time, the subject's near Snellen acuity, 
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stereoacuity and eye dominance were determined. A minimum of three 
consecutive games were then played, consisting of one binocular, one 
dominant eye monocular and one non-dominant eye monocular game. The 
subject then rated each game on as to the level of difficulty. Following 
this, the subject was allowed a break period to relax before the next three 
game set. The duration of the break period was determined by the subject, 
with the duration ranging from one hour to several days. The subject then 
played the next three game set, rated the games played as to the level of 
difficulty, and was given another rest period. A final three game set was 
then played and again the subject rated the games as to the level of 
difficulty. Upon completion of each game the total score, the individual 
scores of destroyed tanks, destroyed aircraft, destroyed missiles and 
shots fired were recorded by the examiner. Upon completion of a game the 
subject immediately began a new game until a three game set was 
completed. The subject was not allowed an adaptation period to become 
use to monocular occlusion, nor was he allowed an adaptation period when 
binocular viewing was restored. A total of nine games were played. A 
minimum of three games were always played at each testing session. In 
most cases the nine games were played over a period of several days. 
The order of the games played was rotated in a double sequential 
manner so as to rule out the effects of fatigue, testing order, and any 
5 
additional learning effect (see game sequence table in Appendix 1 ). Each 
subject was motivated to perform as well as possible in all game 
conditions by paying the subject with the highest mean score for all nine 
games $25.00, the subject with the second highest mean score $15.00, and 
the third highest mean score $10.00 . 
Results 
The total scores achieved by the subjects showed no significant 
difference between games played under binocular conditions as compared 
to those played under dominant eye monocular or non-dominant eye 
monocular conditions using an ANOVA with the Scheffe F-test at the 0.10 
level of confidence5. Values reported below for the Scheffe F-test are 
actual Scheffe F-test values and not probability values. 
~ Std. Dev. Std. ErrQr 
Binocular Score 2243.67 3433.18 749.18 
Dominant Score 2320.18 2712.21 591.85 
Non-Dominant Score 2022.62 2807.69 612.68 
Mean Diff SQbette F-test 
Binocular Score vs. 
Dominant Score -77.14 0.02 Not Significant 
Binocular Score vs. 
Non-Dominant Score 221.05 0.16 Not Significant 
Dominant Score vs. 
Non-Dominant Score 298.19 0.29 Not Significant 
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Shot efficiency also showed no statistical difference between 
binocular, dominant or non-dominant eyes as assessed using an ANOV A and 
Scheffe F-test at the 0.10 confidence level. 
Mean% Std. Dev. Std. ErrQr 
Binocular Shot Efficiency 52.66 13.75 3.00 
Dominant Shot Efficiency 53.71 11.33 2.47 
Non-Dominant Shot Efficiency 54.55 7.59 1.66 
Mean Diff SQheffe F-test 
Binocular Shot Efficiency vs. 
Dominant Shot Efficiency -1.06 0.114 Not Significant 
Binocular Shot Efficiency vs. 
Non-Dominant Shot Efficiency -1.90 0.363 Not Significant 
Dominant Shot Efficiency vs. 
Non-Dominant Shot Efficiency -0.838 0.070 Not Significant 
Analysis of subjects' scores show that no learning effect was 
evident based on the number of games played. There was a noticeable 
decrease in subjects scores in each three game set, with a tendency for 
the first game played to have a higher score than the second or third game. 
This factor is considered to be due to subject fatigue and was 
compensated for by rotating the conditions that the subject began each 
three game sequence. 
The perceptual difficulty rating scale (with 1 = easy and 7 = very 

















Mean Diff SQh~ff~ F-te~l 
Binocular Rating vs. 
Dominant Rating -1.05 2.57* 
Binocular Rating vs. 
Non-Dominant Rating -2.62 16.062* * Significant at 0.1 0 
Dominant Rating vs. 
Non-Dominant Rating -1.57 5.782* 
Correlation between perceptual difficulty rating and total scores 
was not significant for any condition. 
Binocular Difficulty Rating vs. 
Binocular Score 
Dominant Difficulty Rating vs. 
Dominant Score 






Nor did any significant correlation exist between shot efficiency 
and perceptual difficulty rating for any conditions. 
Correlation 
Binocular Difficulty Rating vs. 
Binocular Shot Efficiency 
Dominant Difficulty Rating vs. 
Dominant Shot Efficiency 
Non-Dominant Difficulty Rating vs. 





Our results show that subjects playing a combat simulation game 
with simulated depth cues on a Macintosh SE microcomputer demonstrated 
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no significant difference between binocular versus monocular viewing 
with regard to game score or efficiency. Performance levels and 
efficiency remain statistically unchanged whether the subject performed 
the task in a binocular or monocular state. In addition, there is no 
difference in performance or efficiency levels between the subject's 
dominant eye and their non-dominant eye data. 
Most subjects reported an initial vague discomfort playing the 
game after being occluded, which lasted from 1 to 3 minutes. Some of the 
subjects reported this sensation as a disruption of their habitual scanning 
pattern, or as an interference with their normal tracking abilities. Others 
felt that the discomfort stemmed from the loss of stereo cues from their 
surrounding environment, and, after centering their concentration and 
visual attention upon the game, the sensation decreased and was no longer 
noticed. This indicates that there may be a short period of adaptation to 
monocular viewing, but once it is over there is no loss in performance as 
measured under these conditions. A similar period of adaptation was 
noted when the subjects were restored to binocular viewing. The lack of 
correlation between difficulty rating, total scores, and shot efficiency 
indicates that subjects were not influenced by their total scores or shot 
efficiency. 
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Mac Attack by Miles Computing, Inc. 21028 Osborne Street, Blkg. #5, 
Canoga Park, CA 91304 . 
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Subject 7 V i~wing E:i~ 
Game1 Binocular 
Game2 Dominant 
Game3 Non-Dominant 
Game4 Dominant 
GameS Non-Dominant 
Game6 Binocular 
Gamel Non-Dominant 
Game8 Binocular 
Game9 Dominant 
